We studied how the autonomic nervous system participated in the develop ment of experimental duodenal ulcers due to cysteamine hydrochloride. Sym pathetic fibers showed a slight increase in activities in the duodenal mucosa 1h after cysteamine administration, and a marked decrease thereafter. The release of noradrenaline (NA) into the blood was suggested. Of the activities of para sympathetic fibers, true cholinesterase activities, that are concerned with secre tions, began to increase 1h after cysteamine administration, which was observed most notably around the Brunner's glands in the duodenal submucosa, peaked at 8 h, and then decreased or disappeared at 24h when ulcer formation was established. Pseudo cholinesterase activities that are concerned with motor func tion, decreased over time with a resulting decrease in gastroduodenal move ments and emptying. Meanwhile, it was confirmed by estimation of NA and cholinesterase (ChE) by means of a fluorescent histochemical study. The above findings suggest that, though the sympathetic and parasympathetic systems play their roles with a complicated interrelationship in the development of cysteamine induced duodenal ulcers, sympathetic fibers are initially depressed, and ulcera tion develops and advances under the parasympathetic dominance. In other words, the development of ulcers seems to depend more on the parasympathetic system than on the sympathetic system.
1) Subjects
The experiment was carried out on male Wistar rats, (170-210 g weight) allowed
to take water and solid food ad libitum.
2) Methods a) Production of experimental duodenal ulcer
Cysteamine was prepared as 10% aqueous solution with physiological saline.
Cysteamine was injected subcutaneously in a single dose of 40mg/100 g body weight.
Control rats were injected with the same quantity of physiological saline.
b) Morphological observation
The Falck-Hillarp method12 was used for observation of the distribution and tissue localization of sympathetic fibers. The distribution and localization of parasym pathetic fibers were observed by the modified Karnovsky's method13 with acetylcholin estrase (AChE) as the marker. In the other histochemical studies, Cresyl-violet stain ing was used for identification of the nerve plexuses and cells. Finally, all the tissue sections for histological study were stained with haematoxylin-eosin. AChE activities decreased or disappeared, and destruction of the duodenal mucosa and of Brunner's glands was observed (Fig. 1) . On the other hand, NA and AChE activities did not change at the stomach.
2) Time response study A) Adrenergic innervation, Adrenergic fibers (Ad-fibers) a) Duodenum
In the control group, Ad-fibers with a green fluorescence were found in abundance in Auerbach's plexus, Meissner's plexus, mucosal plexus and around arteries, with a part of the Ad-fibers from the mucosal plexus rising along the blood vessels within mucosa like fibers but not reaching the mucosal surface. Ad-fibers were distributed to the Brunner's glands too, but only very sparsely. In the cysteamine-treated group, the fluorescent zone in the duodenum slightly increased at 1h after cysteamine admin istration, but markedly decreased thereafter. The fluorescent histochemical activities of Ad-fibers reduced at 4h after the administration of cysteamine particularly in Auerbach's and Meissner's plexuses, markedly reduced at 8 h, and were no longer detected at 24h (Fig. 2) . Observation of the Brunner's glands at the prescribed time intervals disclosed that slight fluorescent activities of Ad-fibers remained around the Brunner's glands at 1 h, then began to disappear at 4h when erosion was present, and ceased to be detected thereafter (Fig. 3 ).
b) Corpus of the stomach
In both the control and cysteamine group, the fluorescent activities of Ad-fibers were found in abundance in Auerbach's and Meissner's plexuses, and the deep muscular plexus was detected on the innermost side of the circular muscle layer. There was no significant difference between the control and cysteamine-treated group in this respect (Fig. 4 ).
c) Pyloric region
In both the control and cysteamine group, the fluorescent activities of Ad-fibers were detected only in Auerbach's plexus and muscle layer. As in the corpus of the stomach, there was no significant difference between the control and cysteamine-treated group.
B) Cholinergic innervation, cholinergic-fibers (Ch-fibers) a) True cholinesterase (true ChE) activities
In the control group, true ChE activities that are concerned with secretions16 were found in abundance in all the layers of the duodenum, gastric corpus and pyloric region, especially in Auerbach's and Meissner's plexuses, the muscle layer and around the Brunner's glands. Within mucosa, true ChE activities were distributed like fibers roughly homogeneously from the basal part of the mucosal layer to the mucosal surface.
In the cysteamine-treated group, true ChE activities increased with time 1h after cysteamine administration, to peak at 8h when erosion became severe, and markedly decreased or disappeared at 24h when ulcer formation was established. In the tissues showing erosion or ulcer, true ChE activities remained to the end in spite of destruction of the Brunner's glands (Fig. 5) . In the stomach, true ChE activities did not change with time at the corpus, but began to increase at the pyloric region from 4h after the administration of cysteamine (Fig. 6 ).
b) Pseudo cholinesterase (pseudo ChE) activities
In the control group, pseudo ChE activities that are concerned with motor func tion17 were markedly recognized only in the bundle of smooth muscle which corre sponded to the muscularis mucosae in the duodenum, gastric corpus and pyloric region, and not detected within mucosa or the muscle layer though the activities were detected 
Discussion
It was Rokitansky18 who first pointed out that peptic ulcer was closely related to the autonomic nervous system. Similar statements were subsequently made by Schiff, 19 Hoffman20 and Bergmann.21 Cushing22 reported that the hypothalamus-vagus system was involved in the development of ulcers. Selye23 pointed out autonomic ataxia as an etiologic factor for ulcers. French24 and Porter25 published their view that not only the vagus nerve but the sympathetic nervous system participated in the development of acute ulcers. Many authors have thus studied the pathogenesis of peptic ulcers from the viewpoint of autonomic innervation.
In the autonomic nervous system, either adrenergic fibers of the sympathetic system or cholinergic fibers of the parasympathetic system (vagus nerve) can gain dominance over the other. It has been suggested that excitation of sympathetic fibers is associated with disturbance of mucosal blood flow resulting from vasoconstriction and thrombosis, and that of parasympathetic fibers with the development of peptic ulcer resulting from hypersecretion of hydrochloric acid, pepsin and gastrin and increased movements and tonus of the stomach. However, opinions differ on whether more importance should be attached to the sympathetic system26 which mediates vasoconstriction and ischemia or the parasympathetic system27 which mediates secretions. This controversy is still unresolved. We suspected that a cysteamine-induced duodenal ulcer, which closely resembles a clinical ulcer, was etiologically dependent on the abnormal state of the autonomic nervous system, i.e., sympathetic and parasympathetic fibers, and examined changes in the intrinsic nerves of the stomach and duodenum, chiefly those in NA and ACh activities, through fluores cent, histological and biochemical approaches.
The cysteamine dose used in the production of an experimental duodenal ulcer varies among different authors, from 30mg/100g body weight28,29 to 35mg/100g30 and 40mg/100g.31 Generally speaking, if the dose is increased, the frequency of the development of ulcers rises, but mortality also increases.32 Since our objective was to observe early changes in the gastric and duodenal tissues after cysteamine administra tion, we used a dose of 40mg/100g body weight, which allowed ulcer perforation to occur in 100% of the cases while keeping the mortality rate low and preventing loss of NA activities.
In our observation of the sympathetic system, Ad-fibers were distributed in abun dance throughout Auerbach's plexus, Meissner's plexus, mucosal plexus, and the muscular and mucosal layer of the stomach and duodenum in the control group. In the cysteamine-treated group, the fluorescent activities of Ad-fibers in duodenal mucosa 
